Introduction
Forested wetlands [cypress-tupelo (Tmdium spp.-Nyssa spp.)] as well as some bottomland hardwood forests, are of increasing interest in the South. They are important in water management, wildlife conservation, habitat diversity, and high quality timber (Ewel and Odom 1984) . The acreage of such forests in the region has declined dramatically; for example, at the time of European colonization, Louisiana had an estimated 11 to 12 million acres 14.4 to 4.8 million hectares (ha)] of forested wetlands. At that time, wetlands were considered useful only after they had been drained. The Swamp Land Acts of 1849-50 granted Federally owned swamp lands to the States to be reclaimed and disposed of, and, by 1974, only about 49 percent of the original acreage remained (Turner and Craig 1980) . Virgin cypress swamps were an important source of timber for early settlers. Cutting of cypress began as soon as the French and Spanish arrived in the gulf coastal area, and, by 1723, they were exporting some cypress lumber. However, logging in swamps was difficult, and, although cypress lumbering slowly increased during the colonial period, only the best trees in the most accessible locations were cut. Industrial logging of cypress began around 1890; the dwindling northern lumber industry, availability of cheap land, and development of new logging and milling techniques caused a dramatic increase in the utilization of cypress. However, industrial exploitation of cypress was short-lived, and, by 1925, only a few stands of commercial importance remained (Mancil 1972) . By the late 1930's, virgin cypress was extremely scarce. A memorandum written in 1939 by L. Cook, Chief of Forestry of the National Park Service, states: "In Louisiana, cypress logs that have been lying on the ground for many years are now being salvaged due to the growing scarcity of standing timber of large size."
Description
Cypress-tupelo forests occur mainly in the Coastal Plain physiographic province (after Fenneman 1938 ) from southern Delaware through southern Florida to southeastern Texas and extend northward along the Mississippi River and its major tributaries to southern Illinois. Most cypress is within 98.4 feet [30 meters (m)] above sea level (Harlow and Harrar 1969) . This forest type is found almost exclusively in low areas prone to frequent flooding such as swamps, deep sloughs, alluvial flats of major river floodplains, swamps of tidal estuaries, margins of coastal marshes, and isolated depressions of the Coastal Plain. Finetextured mineral soils predominate in alluvial bottoms, whereas nonalluvial swamps and depressions have surfaces of muck or shallow peat. Most soils are poorly aerated due to saturated conditions. Principal tree species include baldcypress [Taxodium distichum (L.) Rich.], pondcypress (T. ascendens Brong.), water tupelo (N. aquatica L.), and swamp tupelo (N. bz!j?ora Walt.). Swamps may be composed of any of these species (Hall and Penfound 1939b) . Baldcypress grows larger and faster than pondcypress and is usually associated with flowing water. Pondcypress ordinarily dominates shallow ponds, edges of strands, and other locations where water collects and stands for part of the year (Ewel and Odom 1984) . Hall and Penfound (1 939b) mention that pondcypress and slash pine (Pinus elliottii Engelm.) may be major components of the pine flatwoods of the lower Coastal Plain. Baldcypress is an important component of bottomland hardwood communities, but those forest types are not considered here.
Tree species associated with baldcypress include red maple (Acer rubrum L.), sweetbay (Magnolia virginiam L.), southern magnolia ( M grandtyora L.), sweetgum (Liquidambar styraciflua L.), and various oaks (Quercus spp.), ashes (Fraxinus spp.), and pines (Pinus spp). Small trees and shrubs include buttonbush (Cephalanthus occdentalis L.), poison-ivy [Toxicodendron radicans (L.) Kuntze-S], muscadine grape (Vitis rotundr;folia Michaux), Spanish moss (Tillandsia usneioides L.), cattail (Typa EatiJblia L.), lizardtail (Saururus cernuus L.), and various hollies (Ilex spp.), viburnums (Vibumum spp.), lyonias (Lyonia spp.), sedges, grasses, and ferns (Wilhite and Toliver 1990 (Johnson 1990 ).
Swamp tupelo often occurs in pure stands, although cypress and water tupelo may be associated with it. The species is confined to ponds and sloughs and to the deltas of streams (Hall and Penfound 1939b (Outcalt 1990) .
Pondcypress is commonly found in shallow ponds of the Coastal Plain associated with swamp tupelo. Other species found along the margins and on slightly elevated positions in the ponds are pines, red maple, sweetbay, and loblollybay. Small trees and shrubs found in this habitat include buttonbush, yaupon, swamp cyrilla, viburnums, swampprivet, bayberry, inkberry, ferns, and vines. Pondcypress is also found in some swamps along black-water rivers and creeks, in Carolina bays, in the Okefenokee Swamp, and in pondcypress savannahs. On these sites, it may be associated with the species listed above and many others (Wilhite and Toliver 1990) .
Although these species are not considered shade tolerant, the forest type as a whole is considered successional stable (climax) on most sites because prolonged periods of deep flooding prevent seed germination and curtail invasion by more shade-tolerant species. However, where either sediment accumulates or the frequency of flooding diminishes, or both, this forest type may be replaced by others (e.g., bttomlmd hardwoods). Historically, low intensity, small-scale disturbances were probably most common i n these forests, although proximity to the coast ensured occasional large-scale disturbance from storms.
Due to hydric conditions, f i e is unusual in these forests except during periods of drought. The principal tree s p i e s typically have long life spans; baldcypress, for instance, can live longer than 1,600 years (firley 1990). Wide age dis~bution was probably chxacteristic of origin& oldgrowth stands, including trees 200 to 800 years old (Ewe1 and Odom 1984).
Associated Cover Types
Following are the Society of American Foresters (SAF) forest cover types (Eyre 1980) 
Old-Growth Conditions Living Tree Component
Botanists and foresters have been interested in the size of old-growth trees (Brown 1984) (table 1) . Mattoon ( 19 15) found baldcypress trees with diameters up to 12 feet (3.6 m) above the swollen buttress and heights of 1 18 to 128 feet (36 to 39 m). Moore (1967) mentions that Andrew Brown purchased logs for his sawmill in Natchez, MS, that were 4 to 12 feet (1 -2 to 3.6 m) in diameter with clear boles as long as 69 feet (2 1 m). In the early days of cypress logging, the largest trees were left in the forest because they were impossible to cut with the equipment available (Brown 1984) . Later, only defective trees were left.
Pondcypress is a much smaller tree than baldcypress; it has a slender bole, usually not over 3 feet (1 m) in diameter, with rounded to flat-topped crowns (Brown 1984) . Water tupelo is also much smaller than baldcypress. It is a ' Five out of I00 measurement points had 0-19% of canopy occupied by leaves and branches. (Harlow and Hmar 1969) . Swamp tupelo is a small-to-medium-sized tree that inhabits swampy lake shores (Brown 1965 that better comp&sons could be made with other forest types (diameter at the bottleneck). They state that although Indian Village swamp was considered a baldcypress-gum swamp, it was really a Nyssa biflora conswies, with swamp ant species (55 percent of trees per acre and 65 percent of crown cover). The authors note that the basal area of the c o m e t y 203 square feet per acre (46.6 m2 per ha) was approximately equal to that of a mature virgin longleaf pine comunity 205 square feet per acre (47 m2 per ha). Swamp tupelo had a basal area of 139.5 square feet per acre (32 m2 per ha) and occupied 69 percent of the basal area; baldcypress, 16 percent; water tupelo, 14 percent; and red maple, 1 percent. Average age of baldcypress was 85 years. The understory included individuals of the canopy species as well as pumpkin ash and buttonbush. Harlow and Harrar (1969) reported that baldcypress trees in virgin stands averaged 400 to 6W years old with some up to 1,200 years old. Other authors also describe baldcypress trees 500 to 1,000 years old (table 1) . Although few baldcypress trees of that age are living today, Van Deusen et al. (1993) cored living baldcypress trees up to 1,270 years of age in swamps in Louisiana and Mississippi.
T. ascendens

Age Characteristics
Canopy Characteristics
Old baldcypress trees have broad, low, rounded crows often 98 feet (30 m) across. Usually baldcypress makes up the canopy in this c o m~t y , whereas water tupelo or swamp tupelo make up the subcanopy. However, other combinations may also be found.
Beidler Swamp is a 799-acre (728.5-ha) original growth tract with three climax bottom-land forests: swamp forest, hardwood bottom, and ridge bottom. The canopy baldcypress trees are 120 feet (36.6 m) tall, whereas the water tupelo subcanopy is approximately 80 feet (24.4 m) tall. The largest baldcypress trees are 5 to 6 feet (150 to 180 cm) in diameter and 700 to 800 years old (Porcher 198 I) .' Baldcypress and tupelo occur in pure stands in the lowest parts of the swamp, but, in the higher parts, other tree species occur. Carolina ash forms a subcanopy below the tupelo in some areas, usually growing from the bases of the baldcypress or water tupelo trees, Swamp tupelo is scattered throughout the forest and occasionally reaches the canopy (Porcher 198 
).
In hdian ViUlage Swamp (Mall and Penfound 1939a), total crown cover just as buds were opening was 20 percent. Swamp tupelo made up approxhately 65 percent of the cover, whereas the rest was formed by other canopy s p i e s . When the trees were fully leafed out, crown cover was 60 percent.
Schlesinger ( 1978) studied 17 stands in the Okefenokee Swamp in Georgia. The forests were along the middle fork of the Suwannee River and are thought to be undisturw remnants of the former extensive forest. Canopy trees were 8 to 28 inches (20 to ' 70 cm) in d.b.h. and 66 feet (20 m) tall. Water depth ranged from 6 inches to 3 feet (15 cm to 1 m). Pondcypress was by far the dominant species in the overstory, although density and basal area of cypress varied among sites by 1,448 to 7,702 stems per acre (586 to 3,119 stems per ha) and 202 to 444 square feet per acre (46.5 to 10 1.8 m2 per ha), diameter was measured above the swell-about 3 feet (1 m) above the water level.
Dead Tree Component
Standing Snags-Little data are available on the dead tree component of the cypress-tupelo community. Hall and Penfound (1939b) state that 302 living trees and 34 dead trees per acre (122. and 14 per ha) occurred in a swamp near Pearl River in southeastern Louisiana. Several of the early workers in swamps mentioned that herbaceous vegetation germinates and grows on logs and stumps because the swamp floor is too wet or flooded. Down Woody Debris-Very little data have been collected on large woody debris, but some studies of litterfall have been carried out. Annual litterfall in Okefenokee Swamp (Schlesinger 1978) was 0.067 pounds per square foot [328 grams (g) per m2], with 68 percent falling between October and December. Of the total, 0.046 pounds per square foot (222 g per m2) (68 percent) was cypress needles, 0.0021 pounds per square foot (10.23 g per m2) was cypress wigs, and 0.0089 pounds per square foot (43.37 g per m2) was bark.
Understory Characteristics
Cypress seeds do not germinate In water (Matloon 19 16, Dernaree 1932), so dense stands of cypress seedlings are established during per-iodic Brought when large areas of unoccupied soil are exposed. Distinct cohorts of equal-sized individuals are present as young trees. The cohorts reaching the canopy converge in size to form a canopy 1 1 to 16 inches (28 to 40 cm) in diameter. As these trees age, separate groups merge, and old stands are dominated by a number of large individuals, Schlesinger (1978) found that the size of the average tree at a site grew sixfold as density was reduced, but forest biomass per ha remained the same.
The large tupelo seeds are distributed by water. They become stranded in the mud as the water recedes, and many germinate. Seedlings on poorly drained sites grow slowly but are not as likely to be suppressed by other species as those that germinate in better drained sites (Harlow and Harrar 1969) . Shade-tolerant seedlings generally cannot invade c ypress-tupelo swamps because of prolonged flooding. The shrub and herbaceous layers are often sparse, also because of flooding, whereas woody vines and epiphytes, especially Spanish moss, are common. Schlesinger (1978) reported that the biomass of Spanish moss in Okefenokee Swamp equaled the total biomass of herbaceous plants in most upland temperate forests. In deep water cypress-tupelo swamps, logs and stumps may support distinctive vegetation, and floating mats of litter or peat may serve the same purpose (Huenneke and Sharitz 1986) .
Woody species found in Indian Village Swamp (Hall and Penfound 1939a) flower. An occasional spruce pine (P, glabra Walter) sapling occurs here. It is apparent that this is a mature, climax forest because of the great size variation among dominant trees and the numerous fire-scamed stumps and trunks of live trees (Porcher 198 1) .
Only a few herbaceous species were found in Indian Village Swamp (Hall and Penfound 1939a) ) Watt] occasionally grew on the trunks of the trees and Spanish moss was conspicuous on the trees, especially on the mature trees. Little shrub or herbaceous cover was found (<2 percent, four species) in the nearby tupelo swamp (Hall and Penfound 1939b) ; this was attributed to the long hydroperiod, a great range in water level of 0 to 12 feet (0 to 3.7 m), and dense shade. The authors state that this is common in primeval swamps. Three conspicuous epiphytes were present: resurrection fern, green fly orchid [Amphiglottis conopsea (Aiton) Small-S], and Spanish moss,
Soils
Baldcypress grows best on deep, fine, sandy loam with moderately good drainage, but, because of competition, it is usually found in permanent swamps. The species extends into the coastal region of brackish tidewater but grows poorly there (Harlow and Harrar 1969) .
Baldcypress sites are distinguished by frequent, prolonged flooding with water of up to 10 feet (3 m) or more and flow rates of up to 4 miles [6 kilometers (krn)] per hour (although occasionally stagnant). The species is found on intermittently flooded and poorly drained phases of Spodosols, Ultisols, Inceptisols, Alfisols, and Entisols. It occurs in the thennic and hyperthermic soil temperature regimes (Wilhite and Toliver 1990) .
Pondcypress occurs on the impoverished and poorly drained phases of Spodosols and Ultisols of the themic and hyperthemic soil temperature regimes. Soils range from sands to clays to mucks to peats. Pondcypress grows in shallow ponds and poorly drained sites on the Coastal Plain, seldom in the swamps of rivers and streams. Pondcypress gows on soils with a pH of 6.8 or lower, and baldcrpress occurs on soils with a pH of 5.5 or higher. Usually pondcypress sites are much less fertile than baldcrpress sites and are flat or with slight depressions called domes (Wilhite and Toliver 1990) .
Water tupelo grows in low, wet flats or sloughs and in deep swamps. It grows best in the sloughs and swamps of Coastal Plain rivers and in the large swamps of southwestern Louisiana and southeastern Texas. Water may reach a depth of 20 feet (6 m) and may remain as high as 13 feet (4 rn) for long periods. Soils that support water tupelo range from mucks and clays to silts and ands and are in the orders Alfisols, Entisols, Histisols, and hceptisols. Most are moderately to strongly acidic; subsoif often is rather pemable (Johnson 1990 ).
Swamp tupelo grows on an assortment of wet, bottom-land soils, including organic mucks, heavy clays, and wet sands, mainly on soils of the orders Ultisols, Inceptisols, and Entisols. It thrives under flooded conditions and is seldom found on sites that are not inundated most of the growing season. The species occurs in headwater swamps, strands, ponds, river bottoms, bays, estuaries, and low coves. It does not usually occur in the deep parts of swamps. The water regime is more important than soil type for good growth of swamp tupelo; it grows best on soil that is continuously saturated, with shallow moving water (Outcalt 1990 ). Hall and Penfound (1939a) examined the water content of the soil in Indian Village Swamp. At the end of a long hydroperiod, the water content was 197 percent, 505 percent, 343 percent, and 289 percent in the first, second, third, and fourth foot of the soil. The amount of material driven off by combustion (for the same samples) was 22 percent, 44 percent, 39 percent, and 38 percent, respectively. Soil pH values ranged from 6.1 to 6.7.
In the nearby tupelo area at times of flood, the amount of water at the 1-foot (0.3-m) level (as based on the dry weight of the soil) was 4.67 times the oven-dry weight of the soil, but this decreased to 1.22 at the 4-foot (1.2-m) level because little organic matter was present (Hall and Penfound 1939b) . There was more sand at the 4-foot (1.2-m) level. The loss by combustion was approximately 1 1 percent at the 1-to 3-foot (0.3 to 0.9 m) levels and 9 percent at the 4-foot ( 1.2-m) level. The soil was strongly acidic (pH 5.1 to 5.3).
Associated Flora and Fauna
The cypress-tupelo community is an important habitat for numerous animals and birds including neotropical migrant birds. Bird censuses were carried out from 1979 to 1989 in the Francis Beidler Forest (a national Audubon sanctuary in Four Holes Swamp, SC). This is a virgin hardwood swamp forest with the largest stand of original growth cypress and water tupelo in the United States (Brunswig and Winton 1978, Porcher 1981) Although the old-growth cypress-tupelo community is an excellent habitat for fungi and mosses, little data are recorded on their occurrence in this community. Epiphytes were abundant in Indian Village Swamp (Hall and Penfound 1939a) ; bryophytes grew on the lower 40 feet (12.2 m) of tree trunks. A community of Pallavicinia lyelli, sometimes with Odontoschism spp., occurred on the edges of the swamp on slight elevations, on knees, and around the bases of trees. Riccardia latifions and R. pinguis occurred on decaying logs. Fontinalis sullivanti inhabited the submerged bases of baldcypress and gum trees, and above that was a cornunity dominated by Porella pinnata. From the part of the trunks that were rarely submerged to about 30 feet (9 m) above the ground, there existed a community of Leucolejeunea clypeata, Leocolejeunea unciloba, Radula sullivanti, and other less numerous species. The upper portion of the trunks and some branches were colonized with a sparse xeric cornunity of Frullania spp. In the swamp tupelo swamp studied by Hall and Penfound (1939b) , mosses and liverworts were common in the trunks of trees.
Other Important Features
Water quality is important to the old-growth baldcypresstupelo comunity, but little data on it are available. Michael Dawson provided water quality data for the Francis Beidler F~r e s t .~ Mean turbidity (1978-92) for q taken from two sites in the swamp ranged from 12.5 to 23.5 at Canoe M e and from 13.7 to 22.7 for Goodson M e ; pH ranged from 7.0 to 7.1 and 6.8 to 7.0; dissolved oxygen ranged from 5.0 to 9.5 and 4.3 to 9.1; hardness ranged from 4.6 to 6.0 and 4.4 to 4.7; phosphates ranged from 0.27 to 1.0 1 and 1.56 to 2.03, respectively.
Forest Dynamics and Ecosystem Function
Swamps such as red river cypress-tupelo swamps, with high nutrient input during flooding and alternating periods of decomposition, are among the most productive of ecosystems; however, swamps with little intra-or intersystem nutrient circulation, such a~ headwater swamps and cypress ponds, can be low in productivity. If permanent water inhibits decomposition and nutrient input via drainage is negligible, as in the Okefenokee system, tree growth will be slow and ultimate tree size will be small. In the Okefenokee system, the net effect of geological processes is to remove nutrients from circulation. The deepest peats in Bkefenokee are 6,500 years old, so nutrients have been accumulating for some time (Schlesinger 1978) .
Disturbance Regime-Ewe1 and Mitsch (1978) stated that dominance of cypress in some swamps is maintained partly by occasional fires that damage scarcer species. Schlesinger (1978) noted that numerous charcoal deposits, some at great depth, suggest that fire played an important role in the Okefenokee Swamp. Large fires occurred during droughts in 1844, 19 10, 1932, and 1954-55 . Fire scars on the large pondcypress trees suggest that the understory must have been severely burned in 1954-55. Comparison of burned and unburned stands suggests that fire increases the dominance of cypress by reducing the number of species and the relative importance of broadleaf species.
Hurricanes and other major disruptions strongly influence the strucme and com~sition of many forests and also affect succession (Lugo et al. 1983) . However, the cypresstupelo community seems better able to withstand hurricanes and severe s t o m than other community types. H h c a n e Hugo (September 2 1, 1989) seriously darnaged only 19 percent of trees in sloughs of Congaree Swamp, SC, and few trees were uprooted. Hugo reduced canopy diversity by uprooting many species other than baldcypress and water ' Dawson, Michael. 1995 tupelo, especially trees rooted on fallen logs, etc. Stoms such as H u~c a n e Hugo can caufe changes in compsition for some time after they occur. The heavy fuel loads i n c r a g the I & e l i h d of Tie, and resprouted trees will be more susceptible to wood-rotting organisms and further mechanical damage (Putz and Sharitz 199 1) .
Current Conditiom-me current forest comunity differs from that of presettlement time in several ways. Changes have occurred in the abundance of plants and animals that inhabit the cypress-tupelo community, and introduced plants and animals are causing problems. Although fires occurring in swamps during droughts can be difficult to put out, suppression of fires originating outside of swamps no doubt leads to less bming within. Large predators, such as the black bear and the Horida panther, are scarce everywhere, and thus are less likely to occur now in swamps than they were formerly. Partly due to the absence of large predators, animal herbivore populations are increasing and can influence the vegetative composition of the community. Introduced animals, such as the nutria (Myocastor coypu), are impeding baldcypress regeneration as they often destroy seedlings by eating the root collar. Introduced tree species, such as Chinese tallow [Sapium sebiferum (L.) Roxb.] and Brazilian pepper (Schinus terebinthifolia Raddi), are changing the composition of some cypress-tupelo communities.
On most sites, the cypress-tupelo forest is considered a climax community because extended periods of flooding restrict invasion by shade-tolerant species. Disturbances such as hurricanes and fires also help to restrict entry of other tree species into swamps. However, if flooding is reduced or eliminated, the forest type may be replaced by shade-tolerant species.
Representative Old-Growth Stands
Areas where representative old-growth stands may appear include:
Grassy Lake Natural National h d m a r k , Hempstead 
